FivE years ago in a paper presented to the Section of Pathology of this Society I showed that cold antibodies that were generally considered to act as hiemagglutinins only (agglutinating type of cold antibody) had in fact unexpected heemolytic properties. The cold antibodies I was then investigating were found in the sera of several patients who had recently suffered from virus pneumonia, and also at very high titre in the serum of an elderly subject who was suffering from a mild but chronic form of acquired haemolytic anremia. The main facts that emerged from this study were as follows (Dacie, 1950) : (a) normal erythrocytes underwent hkmolysis if the serum-corpuscles suspensions were suitably acidified (optimum pH 6 5-7 0); (b) the hlmolysin titres using normal erythrocytes were far less than the agglutinin titres; (c) complement was required for fixation-of antibody in the cold as well as for lysis; and (d) paroxysmal nocturnal hemoglobinuria (PNH) corpuscles underwent hlemolysis in far higher dilutions of the patients' sera than did normal erythrocytes.
The effect ofpH on hwemolysis.-Are the antibodies always hkmolytic and how constant is the effect of pH? I have by now investigated 15 different sera containing cold antibodies at high concentrations-in each instance the agglutinin titres exceeded 1024 at 20 C. Eight of the sera were from patients convalescing from virus pneumonia, and seven were from patients with chronic acquired hemolytic anmmia of the cold-antibody type. With all but one of the sera it was possible to demonstrate hemolysis of normal corpuscles. However, the ability of the antibodies to cause haemolysis was found to vary from serum to serum and the effect of pH was not entirely consistent. For instance, although acidification markedly increased the amount of hemolysis produced by the sera of 10 of these patients, in 1 patient with virus pneumonia and in 3 patients with chronic hemolytic anemia a considerable amount of hemolysis was produced by unacidified serum, and acidification to pH 6-5-7-0 only slightly increased hemolysis. In Fig. 1 MAR. 0* curves obtained with the sera of two different patients suffering from the cold-antibody type of chronic acquired hTemolytic anTmia. Curve (A) is typical of an "acid-lysin"; there is little or no hlmolysis in undiluted serum (pH 8 0), maximum heemolysis at pH 6X5 to 7X0, and inhibition below pH 6-0. Curve (B) was obtained with one of the exceptional sera which produced almost maximum hamolysis when unacidifid. The inhibition of hamolysis which occurs at a pH below 6-0 seems due to inhibition of complement rather than to a failure to adsorb antibody (Fig. 2) .
It is interesting to compare the effect of pH on other types of antibodies which cause lysis of erythrocytes. Variation of pH between 6 5 and 8-0 makes little difference to haemolysis by anti-A or anti-B, and with antibodies of the Donath-Landsteiner (D-L) type, as found in paroxysmal cold haemoglobinuria (PCH), the optimum pH seems typically to be in the region of 7 5 to 8*0, with acidification to a pH less than 7T5 diminishing rather than increasing haemolysis. The curves in fact seem identical with those of the atypical sera containing high-titre agglutinating antibodies (curve B, Fig. 1 and Fig. 3 Comparison between high-titre agglutinating cold antibodies and the Donath-Landsteiner antibody.-I shall now refer to other points of similarity and dissimilarity between the antibodies which cause marked agglutination in the cold (as well as hemolysis) and the Donath-Landsteiner (D-L) antibodies of PCH. As already mentioned, the effect of pH on the activity of the two types of antibody is usually, although not invariably, differentthe optimum pH for the in vitro activity of the D-L antibody is pH 7-5 whilst in most instances of the other type the optimum lies between pH 6 5-7 0. There are, however, two rather distinct differences: (1) the D-L antibody seldom if ever seems to be found in anything like as high concentration as the agglutinating cold antibodies; (2) the D-L antibody is usually relatively far more hemolytic to normal cells than is the agglutinating type of cold antibody-to put it another way, the hemolysin titre of a D-L antibody using normal erythrocytes is close to the agglutinin titre, whereas with sera containing high-titre cold agglutinins the hemolysin titre, using normal cells at optimum pH, is usually far less than the agglutinin titre. The agglutinin-hamolysin titre relationship using several sera is illustrated in Table I . Serum Da. was from a patient with chronic hemolytic anaemia of the high-titre cold antibody type. She suffered from Raynaud's phenomena and was described as Case 3 by Ferriman et al. (1951) . This serum contains cold antibodies at a very high concentration. The agglutinin titre was 128,000 at 2°C. and 8,000 at 18°C.; there was no agglutination at Section of Pathology Titres were read after 2 hours at 18°C. or 300 C., or after 1 hour at 20 C. followed by 1 hour at 370 C. 300 C. The serum was, relatively, only weakly haemolytic, the heemolysin titre at 180 C.
being 32 at pH 7-0. No lysis developed at 300 C. or if the cell-serum suspension was cooled at 20 C. before being warmed at 370 C. PNH erythrocytes were hemolysed at 180 C. to the same titre to which normal cells were agglutinated (8,000); the hemolysin titre was 64 at 300 C.
Serum Fi. was from a patient who developed an acute haemolytic episode following virus pneumonia. The cold-agglutinin titres at 20 C. (8,000) and at 180 C. (2,000) were substantially less than those obtained with the serum of the patient Da. However, the thermal range of the antibody extended higher than that of the patient Da., for agglutination took place at 300 C. (titre 4). The antibody, despite its lower agglutinin titre, was relatively more hemolytic; the hemolysin titre using normal corpuscles was 128 at 180 C. and 4 at 300 C. The hxmolysin titre using PNH corpuscles was moderately high (512) at 300 C.
Serum Ca. was from a child, probably suffering from congenital syphilis, with paroxysmal cold heemoglobinuria. The behaviour of the antibody appeared to be that of a typical Donath-Landsteiner antibody. At 20 C. the agglutinin titre was quite low (32) but even so the antibody had an unusually high thermal activity, causing agglutination at 180 C.
(titre 8). The hemolysin titre using normal cells was close to the agglutinin titre-32 at 2°C., and 2 at 18°C. The hlemolysin titre using PNH cells was slightly increased to about twice the agglutinin titre. There is no evidence that the antibodies are destroyed by heating at 56°C. for thirty minutes; rather it seems that, if components of complement are present, the antibody is bound on to erythrocytes firmly during sensitization in the cold, and that the effect of previous heating of the serum is to diminish the adhesion of antibody to cell surface so that elution takes place rapidly when the temperature is raised. Heating certainly does not prevent the adsorption of the antibody. This can be demonstrated with the Donath-Landsteiner antibody, as follows (Dacie, 1954) suspension is then rapidly centrifuged whilst still warm, the serum separated, and a further supply of normal corpuscles added to the serum. The suspension is then chilled at 20 C. (Stage III) and finally rewarmed at 370 C. (Stage IV). Haemolysis develops. This is because haemolytic antibody was in fact adsorbed from the heat-inactivated serum at Stage I and was eluted into the normal serum at Stage II.
The experiment described in the preceding paragraph was carried out using the D-L antibody. However, it is also easy to show that hlemolytic antibody is adsorbed from heat-inactivated serum containing high-titre agglutinating antibodies. This can be done by sensitizing normal corpuscles at 20 C. in fresh and in heat-inactivated patient's serum, respectively, washing the sensitized corpuscles in saline at 20 C. and then allowing the antibodies to be eluted off into warm saline at 37°C. By titrating the warm-saline eluates with normal corpuscles and with PNH corpuscles it can be shown that both eluatesthat made from corpuscles sensitized in patient's fresh -serum and that made from corpuscles sensitized in patient's heat-inactivated serum-contain approximately the same concentrations of agglutinating and hvmolytic antibody.
The question as to whether the thermolabile components in serum which seem to affect the binding on of antibody in the cold are identical in all respects with the C'1 and C'2 fractions of complement has not yet been resolved. In 2 patients with PCH studied in America, Jordan, Pillimer and Dingle (1951) concluded that if the C4 (stable) component was missing adsorption of antibody in the cold phase does not take place. In addition it seems clear that thermolabile components are also important in most instances-the observations of Jordan, Pillimer and Dingle suggest that the C'1 and C'2 fractions of complement may be interchangeable in this respect.
With the D-L antibody it is easy to show that when cold-sensitization of erythrocytes is allowed to take place complement (as tested for with sensitized sheep cells) is removed in significant amounts from the serum at a stage before hmmolysis is discernible. With the high-titre agglutinating antibodies it is less easy to demonstrate that complement is adsorbed when cells are sensitized at temperatures (e.g. 2 to 50 C.) sufficiently low to prevent haemolysis. One reason for failure of fixation of complement at 2 to 50 C., and incidentally for the occasional failure of hxemolysis to take place on subsequent warming, may be that the very rapid agglutination that takes place at low temperatures inhibits complement *adsorption. Alternatively, it may be caused by the concentration of antibody being far greater than is the case with the D-L antibodies. The results of actual experiments are shown in Tables II and III. Normal erythrocytes were suspended in the patient's sera, the pH of which was adjusted with hydrochloric acid to the optimum for hlmolysis. The tubes were centrifuged after 1 hour at 2-5°C., and the complement content of the supematants estimated as described by Dacie (1954) . The control tubes contained saline in place of the erythrocyte suspension. Normal erythrocytes were suspended in the patient's serum at different temperatures and pH for two hos. The complement content of the supernatant serum was estimated as described by Dacie ( 1954) . The control tubes contained saline in place of the erythrocyte suspension. Table II shows that in contrast to the clear-cut results obtained with the sera from the two cases of paroxysmal cold hemoglobinuria (PCH I and IL) , little or no complement was removed from the serum by normal corpuscles sensitized at 20 C. in the 5 high-titre agglutinating antibodies (I-V), despite the fact that the cells subsequently underwent haemolysis on warming. Table III shows how the removal of complement from a single high-titre agglutinating serum was affected by the temperature and pH at which sensitization was allowed to take place. It was only at 170 C. that lysis and complement utilization occurred, and then only in really significant amounts in the acidified serum sample.
Sensitization to antiglobulin serum.-The cold antibodies under discussion sensitize cells to antiglobulin serum as well as causing agglutination and hemolysis. A consideration of this phenomenon is beyond the scope of this paper. However, there is one point that should be made. This is that fresh serum is required in the cold sensitizing phase for the incomplete antibody to be retained on the cell surfaces when they are washed subsequently in warm saline. As with the hemolytic reaction it seems as if antibody is readily adsorbed from heat-inactivated serum, and that the presence of complement prevents the rapid elution of antibody and this allows the antiglobulin reaction to be carried out. I have evidence that all four fractions of complement are required.
Possible identity of agglutinating and haemolytic antibodies.-The last point to consider is whether the antibody which causes hkmolysis and that which causes agglutination are identical. Up till now I have avoided as far as possible the use of the terms heemolysin and agglutinin. The evidence seems more in favour of these being a single -antibody than the alternative, and suggests that differences in the relative agglutinin or hemolysin titres of different sera are due to subtle differences in the antibody molecules, which affect the ability of the antibodies to cause adsorption of complement. There seems no question but that the antibodies I have been discussing are potentially hemolytic, and it seems unlikely to be a coincidence that normal erythrocytes are agglutinated and PNH erythrocytes hemolysed more often than not to about the same titres by most of these antibodies; it seems as if each type of cell reveals a different facet of antibody activity. This is also probably true of anti-A which agglutinates normal erythrocytes strongly and normally hemolyses them only weakly. Anti-A hiemolyses PNH corpuscles to about the same titre that it agglutinates normal ones (Dacie, 1949) .
Practical demonstration of heemolysis.-Lastly, a few practical points in demonstrating himolysis by the high-titre agglutinating antibodies. It is important not to use too strong cell concentrations, for with concentrations greater than 4 % there is a possibility of causing traumatic haemolysis of strongly agglutinated cells (Stats, 1945) . However, with a final concentration of cells of 1 to 2 % there seems no risk of this.
Room temperature (about 180 to 220 C.) seems to be the optimum temperature for demonstrating hemolysis. This is not too cold for complement lysis to proceed and is usually well within the thermal range of the antibodies. One final point, some of the sera containing cold antibodies in high concentrations are deficient in complement activity. In attempting to demonstrate lysis it is therefore important that serial dilutions of the patient's serum be made in fresh and acidified normal human serum before concluding that a serum lacks hemolytic activity.
